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ABSTRACT The Alexandria laboratory colony and five field populations of Phlebotomus
papatasi (Scopoli) from Egypt were analyzed for genetic variation at 17 enzyme loci. The
laboratory colony was characterized by a low level of genetic variation as measured by the
average number ofalleles per loctus i(A = 1.70 t 0. 16) and the average expected heterozy-
gositv dfie = 0.06 t 0.02). Polymorphismn was observed at 23.5% of the examined loci, and
genotype frequencies at tawo loci P(PGM. AK-2) were tound to deviate slightly from the
Hardy-Veinberg, equilibriumn. In contrast, the average nunmber of alleles per locus for field
populations ranged fron A = 2.35 ± 0.20 to 2.76 " 0.10, and fie ranged from 0.15 = 0.03
to 0.21 ± 0.05. All hlci of field populations exhibited polymorphism, ranging from 47.0% to
76.5%. and four to seven loci in each population were found to deviate from the Hardy-
Weinberg equilibrium. Deviations in both colonized and field populations were caused by
heterozygote deficiency. Despite geographic isolation and some individual deviations
from the Hardy-Weinberg equilibrium, no evidence of significant genetic difference was
obtained for any of the populations sampled. Calculated indices of genetic distance and
genetic identity for the five field populations showed minor variation but were collectively
representative of a single, genetically uniform population.

KEY WORDS Phlebotomus papatasi. genetic variation, polymorphism

Phlebotomus papatasi (Scopoli) has been re- Human cases of cutaneous leishmaniasis (CL)
corded in Egypt from habitats ranging from heav- caused by Leishmania major (Mansour et al.
ily populated urban centers to barren desert. 1987. 1991) have been reported frequently from
Given the extremely limited flight range of this the sparsely populated North Sinai, but few
sand fly (WHO 1984), it is reasonable to consider cases originate along the Mediterranean coast or
that Egyptian populations of P. papatasi from in the Nile Delta (Morsy et al. 1985. 1991). P.
different habitats and locations may differ genet- papatasi, the recognized vector of L. major in
ically. Variable morphological characters of some Egypt (Wahba et al. 1990), is found commonly in
Egyptian populations of P. papatasi have been each of these areas. Recent work with P. papatasi
noted (Schmidt & Schmidt 1962, Lane 1986) and from Egypt and Israel has shown that genetically
may result from reproductive isolation or ecolog- stable strains, susceptible and refractory for L.
ical partitioning. At one location, 30% of the major infection, can be selected within 13 gen-
adult male P. papatasi examined were found to erations, and that selection for refractoriness to
have atypical genitalia (Kassem et al. 1988), and infection is associated with a shift from polymor-
P. papatasi from the Sinai express some morpho- phism to monomorphism at certain enzyme loci
logical characteristics similar to a closely related (Wu 1989, Wu & Tesh 1990a). Because neither
species, Phlebotomus bergeroti (Parrot) (D.J.F., susceptible nor refractory traits are dominant
unpublished data). (Wu & Tesh 1990b), it is possible that natural

populations of this sand fly vary considerably in
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MUUISSYUUUNANNUAft 6 focus of' visceral leishmaniasis near Alexandria
ALISNDIN(Tewfik et al. 1983). This colony was established

-~~ we ._, from 30 ovipositing females and has been main-
tained for 34 successive generations using the

allndt(96)
SINAI methods described by Schmid(16)

Electrophoretic Techniques. Procedures for
separation and characterization of' sand fly en-
zymes oin cellulose acetate membranes (Helena
Laboratories. Beaumont. TX) have been de-
scribed in detail by Kassemn et al. (1990). The

08A f'ollowing 13 enzymes were selected because
the\' provided clearly interpretable isoenzymeEGYPT phenotypes: Malate dehydrogenase MNDH. E.G.
1.1.1.31). inalic enzyme (ME, E.C. 1.1.1.40), iso-

ASWAN citrate dehydrogenase (ICD. E.G. 1.1.1.42).
fi-phosphogluconate dehvdrogeniase (6-PG DH.
E.G. 1.1.1.43). iglticose-6-phiosphate dehvdroge-

/ nase (G-6PDH. E.C. 1. 1. 1.44). xatithine dehvdro-
---------------- ----------- -A genase (XDH. E.C. 1.2.1.37). adenvlate kinase

Fig 1.Mapof'gyp shwils.,Nalipllleloctios AK. E.C. 2.7.4.3), hexokinase (H-K. E.G. 2.7.1.1).
FIg. P. pap of Ei. 1 ShpuzsmfnzfctOS fhosphoglucomnutase iPGM.\ E.G. 5.4.2.2), acid

for P.papatsa. Ihosphatase (AGP. E.G. :3.1.3.2). fumarate hv-

dratase tFUM. E.G. 4.2.1.2), glucose phosphate
assmpton.becus th coonyfrquentv in1- isoinerase (GPI, E.G. 5.3.1.8), and mannose

corporates only a f'raction of the original popuila- phosphate isomerase (PI P1 E.G. 5.3.1.9).
tions' genetic variability (Lorenz et al. 1984). In Only individually identified P. papatasi were
addition, colonization, which genlerally reduces tested1. In each population, the most f'requent
natural genetic variability. mnay select for certain .illoinorph (allele)at at locus was assigned a value
traits which are rare or normnally suppressed in of 100. All other allomiorphs were giveni mobility
field populations (Lewontin 1974. Tabaclhnick %-alizes relative to their migrating dlistance to the
1990). comliloi 1(X) position.

The present report uses enzyme electrophore- Statistical Analysis. Genetic variability of each
sis to compare the genetic similarity of field and p~opulation was assessed f'rom the nutmber of al-
colonized populations of' P. papatasi. Our spe- lomiorphs observed at eachi locus, the proportion
cific objectiv'es were to determine whether ge- of polymorphic loci, observ'ed and expected het-
netic differentiation has occurred among field erozvgosities. and deviation f'romn the Hardy-
populations of P. papatasi and to comiparev levels Weinberg expectations. A locus was considered
of* genetic variation of* a laboratory colon\ with polymiorphic 'when the frequency\ of' the most
those of field populations. commnon allele was no greater than 0.95 (Ayala et

ali. 1972). Yates correction wats applied flor allo-
MateialsandMethds iorphs ob~served at low frequency. The statisti-
Mateial andMetodsCal significance of' gene f'requency differences

Sand Flies. Sand flies were collected during was tested using R x C tests of* independence
the summers of 1988 and 1989 from five geo- osing G statistics (Sokal & Rohilf' 1981). Mean
graphically distinct locations, representative of inumbers zif alleles per locus were compared
Egyptian sand fly habitats (Fig. 1). These habi- using one-way analysis of variance (ANOVA)
tats included agricultural areas along the Nile (Sokal & Rohlf 1981). Differences within and be-
\illcv in Aswvan andI Sharquivaý barren dIese~rt iii twveeii populations for expected heterozvgosities

the Sinai peninsula. at moist, littoral zone in Al- w-ere compared nonparanietrically Iby Kruskal-
exandria; an(i an urhan localitv in Giza (;oer- W~allis and Tiikev tests (Zar 1984). The inbreed-
norate (greater Cairo). Sand flies were collected Inig coefficient IF) in the laboratorv colony was
by' CDC light traps, aspiration from insidle estimated by using the following equation:
hlouses, or In' human landing collections. (le--
pending on the abundance of flies in each local- Fit) =I - 11 - (1/212,t -
ity. Hu ma cae of cutanconis or visceral leishI-
mnaniasis have heen reported from eac~h location, where F is the breeding coefficient. t is the nuiix-
Sand flies from each locality were either trans- her (if generations, and it is the size of the breed-
Iferred to the laboratory alive or f'rozen immedli- ing p~opulation. InI an open and randomly mating
ately in liquid nitrogen. Collections were stored population with two alleles having frequencies
at -7mGC until they were tested. of 1p andI q, the frequiencv ofhetero7.vgotes is 21)q.

The laboratory colony of P. papatasi originated However, in closed and inbred laboratory cobo-
from sand flies collected in October 1981 at a nies with a coefficient of inbreediing (F), t& fre-
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Table 1. Genetic variability in Egyptian populations of P. papatoas

Population i t SE" fHo ± SE" H~e =SE' PI

Aswan 2.58 ± 01.19 0I.10t ± 0.0.3 0(.19 ± (0(03 76.5
Sinai 2.47 ± 01.22 0.09 ± 0.0:3 0. 17 =0.04 47.05
Alexandria 2.47 ± 0.22) 0.09 = 0.04 (0.21 = 0.05 U2.94
Sharquiya 2.35 0 (.20 ((.07 ±0(.03 0,.15 = 0.03 64.7
Giza 2.76 0. (10( 0(07 (=0.03 0(.17 ((0.03 64 7
Species ave 2.52 ±0(06 ((.(8 ± 0.01 0(.18 = 0.0161.18
Laboratorv 1.70 ± (.16 (0(08 = 0.03 o tXi 0.1(2 2135

"Mean number of alleles per locus.
SMean observed heterozvgositv per Iocu!;.
Mlean expected heterozygositv per locus.

SRate of polvinorphisn tfreqoencv of mfost coninion al lele ((0.95).

quency of heterozygotes wvill bie reduced by a Among the 73 poptiliition-locus combina~tions
fraction. F. of their total (Ayala 1982). The vgeno- with polymnorphismn. .33) cases of'significant de\ i-
typic frequencies in the laboratory co lony there- itijon fromn the Hardly-W~e inbergy equilibrium
fore become: test. P < 01.0.5) were determined. These devia-
Genotype: AA VI ~ .~ tions from equilibrium occurred at 12 of the 17
Frequency: IP + plIF 21)(1 - 21pqF q- - ',pF loci examined, and were variable withini each

Genetic divergence among fieldl popuilations \%a population. Four populations differed from equl-

estimated through the indices of genetic idlentitv libritim at the G6-PDH- aind XDH loci. and three
(1) and genetic distance (D) (Nei 1972). popuilations differed at the MDH-1. LCD-i.

6-PGDH. ACP. atnd FNIM loci. \IDH-2. AK-2
dfeviated in two instances, and ICD-2. AK-i. and

Results ME-1 d(eviated once. These dleviations character-

Field Populations. O verall populations. 17 loci uzed froni 29.47% 4Alexandriao to 41.2% (Aswanj of
were recognizedl bvy t'lctropholretic inolbilitv anId 11w loci in each p~opulation. Comparison of oh~-
pattern. Sample s ize. gene freq uencies. expec.ted( 'lerveol and expected uetnotvpic ratios revealed
heterozygos ities, and k" tests for dleparture from that hieterozvuote oleficieneN was res ponsiblel fo'r
the Hardy-WVeinherg equilibritin are presen..ted 25 of' the 26 cases of' (iseqluilibrium. Kniskal-
in Appendix 1. Mlean values for the nuimber of' Wallis test results showed1 that expected hiet-
allomorphs per locus. hieterozvgosity per locus. crozygos ities amiongy the five field populations
and rate of' polymnorphism have been suimmia- were' no~t siatnificatntli' different I 141
rized by population in Table 1. Using the stan- 0.803). 1 lowever. inclusion of the laboratory col-
(lard 0.95 criterion for polvmiorphisun, two lo'ci omv data altered the test resuilts to i tndicate a(
CMiDH--2. ICD-2) were consisteint inoijoinoi- 11101i" Sigul icant ditleremice in expected lid-
phic. whereas five loci (6-PGDH. XDH. PGM. erozv'gosities amiong the %ix populations ( ,i,
GPI, and FUN!) were consistently polymorphic [5] = 279.27).
among populations. Enzvme 1 c'us polvmor- \'aluts of vgenetic distance fD) and grenetic
phism ranged frorn 47% iii Sinai tt _6%7 in Aswvan identity I1 are presented in Table 2. Ge'tne'tic'
and collectively averaged 61% fo~r the five field distance between any of' the p~opulations was
populations. These pouipnlations contained one to dIiught. averaginvO(.0072. Gen'ietic identitv ' ahie.
four allomorphs per locus and averagedl 2.35 e- ach >01.97, for the diferent populations. also de-
0.20 to 2.76 ± 0. 10 allomiorphs per locus. Miost of' noted strornz genetic similarity existed amiong"
the allomorphs were common to all five potpiilit these' izetgraphicalk olisitinct popuilations.
tions; however, the Alexandria popuilation t,\- Laboratory Colony. I'lie c(oefficient of inbreed-
pressed a low frequency of the tinique variant. ing (F") in the laboratory jpopuilation ofP. papatoavi
GPI 125. The R x C test revealed that gene was calculated to bie 0.4:32 after 34 generations.
frequency dlistribu(tions were indlependlent of' This value represented the probability of two
populations (G value = 0.08 - 1.26). gamaietes uniting to form a zygote earrynin alleles

Table 2. NeI'a genetic distance in, above diagionall and genetic iqfentilipif. b. elow diagonal) among Ez~ptian
Populations of P. papaftui

Aswan () (10(61 ((.048 (0 W7,6 () (185
Sinai Q19939 - ((0(157 0 01"1 0.013~3

Aleandia'9951 (('(42 -1 M(77 ((1)(14
sharqtiiva (1.0923 ((.9812 (0 W22 - "0041
G;iza 0(.9914 ((.91167 (09955 (0$Y571
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identical to those of the parents and was incor- which individuals within the population are not
- porated into determinations of genotype f're- mating randomly (Ayala 1982). In all but one

quency for the colony, case, deviations from equilibrium in the P. pap-
W~hen the laboratory colonv (Alexandria strain) atasi populations resulted from hieterozygote de-

was compared with the Alexandria fheld popula- ficiency (or its reciprocal, the excess of rare alle-
tion (Table 1; Appendix 1). the laboratory colon%- les ats homozygotes). A Wahlund effect iMakela
maintained significantly (one-way ANOVA. F = & Richardson 1977). because of either the inclu-
7.31; df= 1, 32. P = 0.01) lower levels of genetic sion of'P. papatasi subpopulations or a cryptic.
variability as dletermined Iw polymorphism (Lab) untrecognized species in the samples, is pre-
P = 23.5%c; field P = 53%) and the mean number stimed to h~e the cause of these hieterozs'gote de-
of' allomorphs expressed(llab A = 1.7 t 0.16: ficiencies. When the populations were divided
field A =2.47 (( .22). Mean expected hieterozy- into genletically different classes based on those
gositv He) of' the laboratory colon\- was calcu- loci wvith the largest deficiencies of' heterozy-
lated to he only 0.06 =0.02. whereas that of the gotes, all) loci w~ere found to be in the HardV-
field population was 0. 17 -_0.04. By Tuikey test. W~einberg equilibrium. This result could support
the He of the laboratory colony' was significantly tile hypothesis (idea() of at Wahlulnd effect be-
(liflerenit fronm the five helid pottpilatioiis. III spite (us ISVOf theC preseceC Of At least two Cryptic spe-
of' 34 generations of' inbreeding,. thet lalhorattor\ k es-. I lowever. \\e belie\ve that hetcrozvgote dec-
p~opulationi (enionstratel a statisticalk- -.ignlifi- f1ICielicies arose from aniphniti duriing which
vanit departure from the IHardy-Weitiberu equl- 'tmbpoptilations were pooled and treated ats if
librium at the PGM and .XK-2 loci because of thet-\ collectivel\ represetited a single P. 1pap-
lieterozvgote deficiency. Gene, fret guencies for atasi popti lation.
PGNI were at the Hardy-Weinbergy equtilib~riumi Genti hologrenleity aniotig )populations is inl-
in all five field populations that were sampledl. (licate(I fromn the \-aluies of irenetic Identity and
There were no statisticitllv significant dliffer- dlistance calculated for held populations of P. pa-
ences in Observed grene frequiencies between thet patasi in Eigypt. However, to assume that this
laboratory and field populations for anY locuis Ioi~nov'tenvtt results from extensive grene flow
iR x C test, P -- 0.05). tmololL the five popuilations Is, probably Incorrect.

Tlie close venetic relationiship between the dis-
Discussion tant andl isolated locations selected was surpris-

Ing bitt was conisistent \%-ilth thle absence of ala
The most direct and simple expressions of ve- alleles that could be considered unique to a pop-

netic variation in at fopialatioii are the poli-nior- idiation. Thet homiogeneity of enzyme loci among
phism and heterozygositv that are observed at thet-fheld populations ofFP jumaptasi indicated that
enzyme loci. The Alexandria laboratory colon', of iinilaritics in vector comipetenice also mnay char-
P. papatasi was polymorphic at only% 247( of acterize each population. l'resioiis studlies have
these loci compared wvith an average polvmtor- shown that (ertaiii Iraits (A itiedical importance
phismn of'61% in held popuilations. HIigh levels of ill sand fHies. anid atil sqititoes has e fwenl assoca-
enzyme polymorphism have been reported for ated with enizvme expression iFabachnick et al.
both Old W(orld (.Mer-% et ill. 1982) arid New 1 985. Wit I 99). The ('fi/yiaes are niot assumed to
World sand flies tCaillard et al. 1986), but these be directly responsible for thet trait. but the po-
have b~een assiociatedl with high levels of' both sition of their loet lay hv siifficiewktl proximlal to
observed and expected heterozygosity. Based genes controlling the trait to providle it reliable
u1pon the observed hcterozvgosities in our stiildv. anidei lvIdentifiabile mlail-er.
field populations of P. papatasi from Egypt ex- Elimination of rare or uncommnon alleles and aI
hibited low lev'els of' genetic variability. How- resulting decrease in genetic variability has been
ever, the expected heterozygosity calculated for a frequently reported consequence of laboratory
each popuilation was considerably higher than colonization ofminect vectors \1lunsterman 19749.
those recorded for most other tinsect species Lorenz et all. 1984. Tabachnick et il., 1985). Pols-
(Tabachnick & Powell 1979. Tabachnick I9ýX)) mnorphisin and alloniorph t-wp'ssion usuially art,
And indicated a very high level of' genetic vani- reduced from the original held population. I-n--
.1bility at each location. comnmon alleles present in the held population

Field populations were surprisingly deficient have beenti eliminted. aIid the (loinliiiait alleles
in heterozygotes at evznzym loci, arid the discrep- of the original colons- fminiders have been fixed
mAncies between thle losw observed .ind high ex- hoinozvgoticalv aifter .1.1 tgenerations. The tiid
pectedl heterozygos ities resulted in many (levia- effect of' this colonization process has been to
tions from the Hardy-Weituberg equilibrium, restore genot\vpic frequencies of tile population
Significant departures from the equilibrium to equilibrium, but at the loss of genetic variabil-
genotypic frequnency predicted by the Hardy- ity. Disequilibrium did occur at two actiyelv see-
Weiiiierm law iisually la~os been ,attribuitedl to itegating en/zvine locti mu the laborattory popuila.
niatural evolutionary processes such as mutation. tion, but their departure fromi Hardy-WeinbeRg
migration. drift, an(d selection, or to a situation in equilibrium was riot strong. and bo th loci had
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been at or near equilibrium in each of the field correlation analysis. 1. Two l(Ki.i two loci. two ga-
populations. The low levels of genetic variability modernes. Genetics 86: 665-678.

- observed in field populations of P. paputasi and Mansour. N. S., F. G. Youssef. E. W. Niohareb. W. H.
the further loss of this genetic variability as a Dees & E.H. Karuru. 1987. Cutaneous leishman-
result of colonization should be considered in~ iasis in North Sinai. Trans. R. Soe. Trop. Med. Hyg.
the establishment of laboratory colonies or when 81: 747.
making inferences concerning field populations Nlansour. N. S.. D. J. Fryauff. G. B. Modi. E. MI.

of tis andfly peces.Mikhail & F. G. Youssef. 1991. Isolation and
of ths sad fl speies.characterization of Leislarnoaiaa mnajor from PMile-

botomnus papatast and military personnel in North
Sinai. Egypt. Trans. R. Soc. Trop. Med. I1%-g. 85;
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Appendix 1

Gene frequencies in Egyptian populations of P. papatasi

1.ocus Allele"' I'OPULL4ltn"
.. MSW SIN NLX SHQ (;IZ LAB

\IDH-1 N 104 014 104 80 77 41
h0 4(15 4o.02 I).(X) (1).() 0.03 ().0(

100 o.77 0,58 o.85 0.99 01.96 0.99
240 0) i 44.40 0.15 ().()1 0.I 0.01
He 0.37( 0.48 04.26 0.02 0.08 0.01
X1 26.96° 71.22* 31.46* 0.23 0.31 1.02

.IDI1-2 N 104 104 104 SO 77 41
88 0.00 (.0(, (10(0 0.01 0.02 0.00

100 1.00 1,00 1.010 9.99 0.98 1.00
lie ((.(0 (.0 0.00 10.02 0.04 0.00

0002 0.00 0.00 0,00 25.59* 8.69' 0.00
\IE-1 N 115 113 104 K04 77 117

95 0(,01 0'() 0.02 00)(1 0.01 0.01
100 0.94 0.80 0.96 (1.X) 0.95 0.99
110 0.05 0.20 0.02 0.00 0.04 0.00
He 0.12 (1.32 0.80 0.00 0.01 0.01
X2 2.22 86.63* 2.27 0.00 2.10 1.47

\IE-2 V 115 115 104 80 77 117
91 0.(X) 0(.00 (100 ()0.(0 0.05 0.00

100 1.100 1.00 1.00 1.00 0.94 1.00
110 0.00 0.00 0.00 0.00 0.01 0.00
He ().(10 0.00 0.00 0.00 0(11 0.00
X2 0.00 ((1 0,00 o(.o(o 1.14 0.00

ICD-I N 116 116 104 80 80 30
71 0011 0.041 ()(X) ().() (0.00 0.0(0

100 0.92 0.96 0.99 0.91 0.94 0.82
128 0.07 0.03 0.01 0.09 0.06 0.18
He 0.15 0.07 0.01 0.16 0.11 0.17
X1 4.47* 0.19 0.00 76.99* 44.42' 3.41

ICD-2 N 116 146 104 80 80 30
87 ().()1 0.01 0.03 0.01 o.01 0.03

100 0.98 0.99 0.97 0.99 0.99 0.97
115 (.01 0.00 0.00 0.o0 0.00 0.00
He 0.044 0.03 0.06 0.02 0.02 0.03
V 2.62 0.02 0.09 0.12 31.83' 1.43

6-PGDIH N 97 123 102 80 80 178
"43 () 10 0.03 o03 0.18 (1.03 0.00

100 0.85 0.93 0.91 0.77 0.94 0.99
108 0.05 0.04 0.06 0.05 0.03 0.01
He (0.36 (.28 0.17 0.37 0.12 0.01
X 7.62* 6.941 3.66 165.80' 1.86 0.73

(;6-PDH N 101 80 97 84 74 24
83 0.09 0.00 0.05 0.05 0.11 0.00

I00 0.88 4.00 (1.90 0.90 0.84 0.96
129 0.03 0.00 0.00 0.05 0.05 0.04
He 0.21 0.00 0.18 0.18 0.27 0.04
X-2  

4t51 0.(X) 489" 5.17" 5.44' 1.48
XDH N 96 80 112 804 77 48

86 0.11 0.10 0.13 0.07 0.17 0.00
400 0.83 0.84 01.81 0.86 0.79 1.00
413 0.06 0.016 0.06 0.07 0.04 0.00
He 0.29 0.28 0.32 0.25 0.33 0.00
X W 94* 596" 101 75' 106 7554. 000
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Appendix continued

Locus Allele"' Population' SHQ GIZ LAB

AK-I N 810 80 104 60 79 30
8.3 0.00 0.03 0.00 000 0.05 0.00

l(41 1.00 (94 1.oo o.93 0.94 1.00
116 0.0o0 003 o.1(0 0007 0.01 0.00
lie 0.00 o.11 O(X) 0 13 0.11 0.00
x

2  
0.0 2.32 0(R 6.73 1.29 0.00

AK-2 N S10 .SO 104 40 t66 30
88 0.(4 0.(11 0.04 0.05 0.04 0.05

100 0.77 0.98 0.96 (91I 0.96 080
108 19 o(.01 0.01 0 04 0.00 0.15

ie ,0.37 011(4 0.08 1 17 0.08 0.20
.V 6.5"0 0,35 82.33" (.36 2.18 l 1.40"

IiK N I11 112 116 S0 77 34
46 11114 (l( ( 00 0( 010 () 01 0100

10)0 0(1.5 (.g7 (195 11(o (097 1 00
11.3 (,01 11 110 15 If 00 0.02 0.(X0
li, (i. 10 (06 U (1 (0(000 (i 06 0,0)

-; il 1)12 ( 1 36 (1 0I 0.24 0.00
PG M N S s '(s SO1 s0 40

40 o((5 (1(04 fill 114 O 11 0M5
lM() (1.74 ((.65 11,61 (( 5S (0.56 0(41
114 ((21 1,30 027 o.26 0.33 0-54
126 0.010 0 01 0).02 0 02 0),043 0,W

fie 1(401 41 4AS ((58 (56 0.56 031
V-I l04) 1.2.3 5.701 4A39 6.14 10.96*

GIl N 124 124 104 (0 S0 60
8I 0(.102 (((.3 () o(.) (10 ((.01 0.00

I(X) ( 75 0 f-g ((62 (( 86 0.80 0.79
US1 (23 (12, ( 31 (0 14 ((19 0.21
125 (00Xl (IN ( ((4 (100x o.(X) 0.00
lie (O.3S (144 ((62 ((24 (1.32 (.19
x2 _64 4 69 7.70 0.21 o.26 0.02

\IPI N 104 %6 113 78 401 60
90I 0.01 0 011 O01 10.oi0oI o.01o.0

10(1) (.92 0.98 W((97 o.94 o.96 I 00
105 o007 oo 01,012 0,05 o.03 0.00
fth, o1).5 0.02 0f.06• 0 11 o.08 0.00

.- 1.42 lu.01 2.12 ( 21 1.60 300
WP N 1(4 IMI (16 SO1 77 32

S6 (0.0x (1111 (1 o:3 o(((4 (0(2 0(02
)Ifi I'l .1 0, ft I' €) l o) N- l ",7 ) 1 0 ,is
100 (i07 U )03 (102 0 09 (flog 0.01

lie (. 1.3 ((((7 0 I0 0.23 0.20 0.02
V2  

'686" o(63 ii 1,3 h 21" 403 0.39
FIt" v 96 811 98 A) h85 122

87 (008 00116 ((6 ((I ((09 0.00
1(X) (0AO () (Y 0(.82 wtoXl ((.81 100
125 0(12 00(5 ( 12 (( (5 o.10 ((.00
tli 0.18 ((20 (031 ( IS (132 0(0

;.61 I B " 5 4 2 25 7 22 " 0 0

"AlSW. Aswan. SIN. Sinai: ALX. Alexandrim. SHQ.S.harquS.•r . (IZ. (Giza; LAB. I.b oratorn c ons *. populations not in
equlilbriumn.

"N. numhter ot Individuals Ii each %a.nple. fit-, expected heteroiz%%os Os. V2.de-s t(41 from the Hard%-WemVc•er equalibrium.
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